Pathogen inactivation systems are in use in many European countries as routine procedures. However, a pathogen inactivation system for erythrocytes is currently not available. Although significant improvements have been made to decrease the incidence of transfusion-transmitted infections, risks remain for infectious disease agents specific to red blood cell concentrates, such as parasitic infections resulting in babesiosis and malaria. The pathogen inactivation system for erythrocytes utilizes S-303 and glutathione for the treatment of red blood cell concentrates. Preclinical studies to assess the pathogen inactivation efficacy and toxicology as well as preliminary clinical studies have been completed. Preclinical studies have shown log reduction for leukocytes, several viruses and bacteria in excess of 4 to 6 logs. Preclinical toxicology studies were conducted to enable the initiation of two phase III clinical studies in the USA for support of acute and chronic anemia. A second-generation system was developed after observation of an unexpected immune response in two chronic anemia patients. Preclinical pathogen inactivation studies, serological evaluations and a clinical study to evaluate survival of S-303-treated erythrocytes have been completed to support advanced development of the S-303 pathogen inactivation system. A functional system for the inactivation of red blood cell concentrates has been completed and is reaching clinical application. 
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Transfus Med Hemother 2011;38:33- 42 Henschler/Seifried/Mufti hit hypothesis of TRALI, and recently an association of reduced cardiopulmonary complications with leukocyte depletion has been proposed [26] . Prevention of TA-GVHD by gamma irradiation relies on identification of at-risk patients and is not universally employed because of increased potassium leakage and potential limited storage duration after gamma irradiation [27] . Leukoreduction prior to gamma irradiation may provide an improvement to the RBC quality and extend allowable storage time after gamma irradiation; however, higher levels of extracellular potassium and lactate dehydrogenase compared to non-gamma-irradiated RBCs are still observed [28] .
Pathogen and leukocyte inactivation of RBCs is therefore of potential relevance in order to transfuse patients entirely with pathogen-inactivated blood components and thus provide an unprecedented level of blood safety. To achieve this goal, a comprehensive and cost-effective approach to reduce the risks of both infectious and noninfectious complications of RBC transfusion is needed. This approach would ideally inactivate potentially contaminating infectious pathogens, inhibit leukocyte proliferation, inhibit leukocyte cytokine synthesis and antigen presentation, and minimize exposure to allogeneic plasma proteins. The S-303 pathogen and leukocyte inactivation system is being developed to achieve these objectives. The major characteristics and some goals which have already been achieved through this technology shall be discussed in the current review.
Chemical Structure and Characteristics of S-303
The principle of the psoralen-based pathogen inactivation technology currently in use to inactivate pathogens in platelet concentrates and plasma relies on photo-activation of the psoralen compound, amotosalen, by UVA light (320-400 nm). Naturally, the hemoglobin present in erythrocytes prohibits the use of this technology for pathogen inactivation in RBC concentrates or whole blood due to the efficient absorption of UVA light by hemoglobin ( fig. 1 ), since high energy or very narrow path lengths would be required to obtain effective pathogen inactivation. New techniques are therefore warranted which are independent of UV light activation to achieve DNA/RNA cross-linking. Therefore, a novel technology has been developed to inactivate infectious pathogens and leukocytes in RBC components. The pathogen inactivation system for RBCs uses the chemical S-303 and a quencher glutathione (GSH). S-303 is a modular compound that enables nucleic acid targeting and cross-linking, thereby preventing nucleic acid replication. The structure of the S-303 molecule is shown in figure 2 . The molecule is designed to target nucleic acids, cross-link them via a bis-alkylating group and release a negatively charged, nonreactive byproduct, S-300. When S-303 is added to RBCs, the compound rapidly (within seconds to minutes) passes through membranes, including
Rationale for Pathogen Inactivation for Red Blood Cells
Pathogen inactivation technologies have been developed and have been introduced into clinical practice to enable inactivation of pathogens and leukocytes in both platelet concentrates and therapeutic plasma. The best investigated technology with demonstration of therapeutic efficacy as well as safety is based on photochemical treatment using UVA and psoralens [1] [2] [3] [4] [5] [6] [7] . More recently, other systems using either riboflavin and broadband UV, methylene blue and white light, or UVC have been further developed and, at least in part, have been shown to provide safe and functional components [8, 9] . For the first time in the history of blood transfusion, physicians have been provided with a proactive means towards sterilization of labile blood components. This holds true in particular if procedures can demonstrate 4-6 log inactivation efficacy for many tested microorganisms [10, 11] . Reactive strategies to blood safety that include current tests and extending the possibilities of additional testing have limitations based on detection sensitivity, specificity and logistics for implementation. Development and implementation of pathogen inactivation technologies for all components would represent a significant milestone to provide the safest blood transfusion therapy [12, 13] .
However, pathogen inactivation systems have so far not provided a clinically implementable procedure for pathogen inactivation of red blood cells (RBCs), the most commonly used blood component for support of severe anemias and as critical supportive therapy for acute bleeding. While RBC transfusions provide therapeutic benefits and improve patient outcomes by increasing hemoglobin levels and enhancing oxygen delivery to tissues, there are both infectious and noninfectious risks associated with transfusion that may result in unintended adverse outcomes. Risks for transfusion-transmitted infections caused by viruses such as HIV for which intensive testing is in place has been significantly reduced [14] . However, residual risk of transfusion-transmitted infections remains due to emerging viruses [15] , bacteria [16] , protozoa [17] and residual contaminating leukocytes [18] . Without a pathogen inactivation technology for RBCs, the risk for transfusion-transmitted infections would remain for the majority of patients undergoing blood transfusions.
In addition to infectious risks associated with blood transfusion, there are noninfectious risks that include transfusionassociated graft-versus-host disease (TA-GVHD) [19] , transfusion-related acute lung injury (TRALI) [20] , acute transfusion reactions [21] , allo-immunization to leukocyte antigens [22] , microchimerism and immune modulation [23, 24] . Reduction in the incidence of noninfectious risks associated with RBC transfusions has largely relied on leukocyte reduction and gamma irradiation to reduce some of the adverse immune responses. Although not universally implemented, leukocyte depletion has shown the potential to reduce neutrophil priming activity [25] , which is believed to be involved in the two- S-303 is a nucleic acid-targeted alkylator with three components: i) an acridine anchor that intercalates non-covalently into nucleic acids, ii) a bis-alkylator effector group that reacts with nucleophiles such as DNA and RNA bases, and iii) a small flexible carbon linker containing a labile ester bond that hydrolyzes at neutral pH to yield the non-reactive, negatively charged breakdown product, S-300.
gen inactivation and S-303 decomposition, the RBC unit with reagents and byproducts is centrifuged, the supernatant is removed, and the pathogen-inactivated RBC unit is suspended in additive solution and transferred to a storage container for refrigerated storage up to 35 days.
The S-303 pathogen inactivation process combines pathogen inactivation, leukocyte inactivation and reduction in the amount of residual plasma. Thus, this process has the potential to reduce the risks associated with both infectious and noninfectious hazards of RBC transfusion. The volume exchange step described above to remove the byproducts of the S-303 treatment process and GSH after the pathogen inactivation step offers a chance to improve RBC quality. Pathogeninactivated RBCs have shown higher glucose levels and lower lactate levels derived from metabolism of the RBCs and have demonstrated to lower the extracellular potassium concentration [29] . It is also possible that this treatment may impact some of the adverse outcomes postulated to be associated with storage of RBCs [30] .
In vitro data have been collected to demonstrate that there is no detectable volume loss or difference in total hemoglobin compared to conventional RBC units [31] . Furthermore, the pathogen inactivation process has been applied to wholeblood derived RBCs with and without buffy coat depletion (after overnight hold of whole blood). Mean corpuscular hemoglobin concentration, total hemoglobin, hemolysis and ATP levels were not statistically different between S-303-treated and conventional RBCs. Mean cell volume, hematocrit and pH were significantly higher in conventional RBC, but well within reference ranges, whereas extracellular potassium and lactate were significantly lower and glucose higher in S-303-treated RBCs [32] .
Seven clinical studies have been conducted with pathogeninactivated RBCs using S-303 and GSH. Five clinical studies were conducted using RBCs prepared with the first generation of the S-303 pathogen inactivation process, one clinical study was conducted using RBCs prepared with an interim modified process, and one study has been completed with RBC prepared with the second-generation process described in the present article (table 1) . Five of these studies were radiolabel recovery studies in healthy subjects and two were phase III studies in patients requiring therapeutic RBC transfusion support.
First-Generation Pathogen Inactivation Process
Three phase I clinical trials were performed with the first-generation S-303 pathogen inactivation process in healthy subjects to evaluate the viability of S-303 RBCs [33] . In the phase IC study, the 24-hour recovery and lifespan of 35-day-old, 51 Cr-labeled RBCs were evaluated in 29 subjects in a controlled, randomized cross-over study. 24-hour recovery was 84.5% for control (untreated) RBCs and 81.7% for test (S-303-treated) RBCs. Although these 24-hour recovery values were statistically significantly different (p = 0.048), results for both test and control RBCs exceeded the FDA standard of
Mechanisms and Principles of the S-303 Pathogen Inactivation System
The S-303 pathogen inactivation system for RBCs will be implemented using two disposable systems: one for the reconstitution and delivery of the S-303 and GSH to the RBC unit, and a second for the processing of the RBCs. The system has been designed to enable processing of RBC units in additive solution over a wide range of RBC volumes based on quality control data obtained from blood centers in Germany and other countries in the European Union. Figure 4 shows the process steps involved in the S-303 pathogen inactivation system. A RBC concentrate separated from whole blood or collected via apheresis and leukoreduced is transferred into the integrated processing set. The processing set consists of three containers: one for mixing of the pathogen inactivation reagents (RBCs, GSH and S-303) together with a diluent solution contained in the processing set, a second container for incubating the RBCs and reagents and a third container for storage of the pathogen-inactivated RBCs. For each unit of RBCs, approximately 30 ml of GSH and S-303 in saline are mixed with the RBCs and 140 ml of a diluent solution in the first container to a final concentration of 20 mmol/l GSH and 0.2 mmol/l S-303. The RBCs and reagents in the first container are transferred to a second container to allow the pathogen inactivation process to occur (that is nearly complete after 30 min) and for S-303 to decompose to the nonreactive byproduct S-300 (between 6 and 18 h). Following the patho- The composite endpoint for the S-303 RBC group was not inferior to the control RBC group: 22% of test patients and 21% of control patients experienced the composite endpoint (p = 0.02 by noninferiority). In addition, the incidence for each of the components of the primary endpoint was not different between treatment groups [34] . The mean number of RBC units transfused and other blood components transfused as well as the mean hemoglobin increment post transfusion were not different between treatment groups. Although the trial did not achieve its targeted enrollment of 200 patients, the data indicated that S-303 RBCs were not inferior to control RBCs. The transfusion trial for support of chronic anemia was designed as a randomized, controlled, double-blind, two-treatment period, cross-over, noninferiority trial. The primary endpoint was hemoglobin utilization per day of support adjusted for body weight. Secondary endpoints included number of RBC units transfused, hemoglobin increments, reticulocyte count, acute transfusion reactions and global safety. The patient population included patients with hemoglobinopathies (thalassemia and sickle cell anemia) participating in chronic RBC transfusion programs as part of the management of their disease processes. The study was designed to enroll 50 patients with completion of both treatment periods required to demonstrate noninferiority. At the time of suspension of the study, 26 patients had been randomized and started the first treatment period, and 8 patients had initiated the second treatment period. No patient had completed both treatment periods, and therefore efficacy and safety data could not be analyzed as planned. Instead, a post-hoc hypothesis-generating analysis of efficacy was performed for the first treatment 75% mean 24-hour recovery with a corresponding standard deviation <9%. S-303 RBCs were not immunogenic in any of the phase I studies, as determined using a standard gel card technique, despite repeated exposures to S-303 RBCs in many study subjects over a 3-year period.
Two phase III clinical studies were initiated to evaluate the major indications for RBC transfusion support: acute blood loss replacement in cardiac surgery patients to ensure adequate tissue oxygenation and chronic transfusion support to correct the anemia and suppress endogenous erythropoiesis in patients with hemoglobinopathies. The phase III clinical studies were suspended when 2 patients in the chronic transfusion trial developed positive cross-match reactions to S-303 RBCs after several transfusions. Data from the trials were analyzed at the time of suspension, and the efficacy results are summarized below.
The phase III trial to evaluate support of acute anemia using S-303 RBCs prepared with the first-generation process was designed as a randomized, controlled, double-blind, noninferiority study [34] . The clinical trial population included patients undergoing cardiovascular surgery expected to require RBC transfusion. Study transfusions (S-303 RBCs or control RBCs) were given as clinically indicated during and up to 7 days after surgery. The primary endpoint was a composite of myocardial infarction, renal failure and death during or within 7 days of the first study transfusion. The primary endpoint was selected to evaluate therapeutic efficacy of S-303 RBCs when transfused to prevent morbidity and mortality reflective of inadequate tissue oxygenation due to acute anemia caused by surgical blood loss. Additional secondary endpoints included hemoglobin increment post transfusion, number of RBC units transfused and other blood component usage.
The study was designed to enroll 200 patients to demonstrate noninferiority. At the time of study suspension, 148 patients (74 test and 74 control) had been randomized and Henschler/Seifried/Mufti ministered will have a recovery of at least 75%. The in vitro quality attributes based on the EU and AABB guidelines were met throughout the storage period, and there was an acceptable maintenance of ATP concentration and a more favorable extracellular potassium concentration in the S-303-treated RBC units compared to conventional RBCs [37] . Clinical trials in patients with acute and chronic anemia are being planned based on the results obtained in the phase I clinical trial using the second-generation S-303 pathogen inactivation process for RBCs.
Safety of S-303-Treated Red Blood Cells
Safety assessments for the potential toxicity, carcinogenicity and reproductive and genetic toxicology of S-303-and GSHtreated RBCs and S-300, the major decomposition product of S-303, have been conducted and completed. These studies were designed and performed according to the ICH guidelines with an approach that is consistent with the development of a new pharmaceutical drug. Table 2 listed the studies conducted in rat, dog, mouse and rabbit. The objectives of these studies have been: -to transfuse S-303-treated red cells to test animals in multiple doses, such as expected clinical exposure of RBCs to treat either acute or chronic anemia, -to administer S-303, or mainly its degradation product S-300 (which will be the major transfused moiety) at higher doses in animals than would be expected in a clinical setting, -to evaluate immune response after routine exposure to S-303-treated RBC for neoantigenicity. Based on data from the completed experiments, safety margins have been established based on expected clinical exposure during RBC transfusions and results from the systemic toxicology and carcinogenicity studies that support further clinical development for the S-303 pathogen inactivation system for RBCs. No observations of systemic toxicity or immune response were observed in the toxicology studies that included 6-month chronic exposure in rats and 9-month chronic exposure in dogs.
Immune Response to S-303-Treated Red Blood Cells
During the phase III trial supporting patients with hemoglobinopathies, positive cross-match reactions to pathogen-inactivated RBCs with sera from two patients were detected following exposure to first-generation process S-303 RBCs [38] . In vitro studies demonstrated that the immunoreactivity to S-303 RBCs was a result of low-titer antibodies formed against the acridine moiety of S-303 on the RBC surface [39, 40] . Immune reactivity was inhibited by S-303-related acridine compounds, but not GSH. Physiologic activity of the anti-acridine antibody in the patient sera was evaluated using a monocyte monolayer period only. 19 patients were considered evaluable for efficacy using the modified analysis plan, based on receipt of 2 or more transfusions (exclusive of wash-in transfusions). As the study was terminated prematurely, the evaluable group was highly heterogeneous, with some patients receiving as few as 2 study RBC transfusions, and others as many as 12 during the first treatment period. Summary of the limited and variable efficacy data for these 19 patients found no statistically significant differences between treatment groups for the primary endpoint or any secondary endpoint [35] .
Second-Generation S-303 Pathogen Inactivation System
A recent phase I clinical study was conducted in two centers in the USA to characterize the posttransfusion recovery and lifespan of autologous RBCs prepared with the second-generation S-303 pathogen inactivation process and stored for 35 days prior to transfusion [37] . It was composed as a randomized, single-blind, controlled, two-period cross-over study in healthy adult subjects. 28 subjects were enrolled at 2 study sites, and 26 subjects completed the study. The study was divided into 3 periods: screening and enrollment, treatment period 1 and treatment period 2. Each treatment period consisted of autologous blood donation, treatment of donated components (test or control), infusion of radiolabeled autologous RBCs and collection of blood samples for assessment of RBC recovery and lifespan. RBCs were radiolabeled with 51 Cr for assessment of RBC recovery and lifespan and with 99m Tc for measurement of blood volume according to ICSH Guidelines. The in vivo 24-hour recovery for both S-303-treated and control RBCs met the FDA criteria of mean recovery greater than 75%, standard deviation of the mean less than 9%, and that minimally 70% of the RBC products ad- Studies to evaluate organ toxicity were conducted with both S-303-treated RBCs and S-300 in both rat and dog. population, if any, have reactivity with S-303 RBCs. For this study, approximately 800 serum samples from patients with congenital hemoglobinopathies and no known prior exposure to S-303 and 1,500 samples from healthy donors have been collected and screened for reactivity by gel card cross-match against 3 different units of S-303 RBCs [44] . Preliminary results indicate that there were no positive cross-matches in any of the healthy donor samples screened (200 of the 1,500 samples) and that 2 out of 800 (0.25%) multiply transfused patients, selected because of their increased risk for development of allo-antibodies, demonstrated low-titer, pre-existing reactivity to S-303-treated RBCs [44] . This level is not unexpected as positive cross-matches are a regular occurrence in blood transfusion centers -typical levels of cross-match reactivity range from 1 to 4% -and all blood banks have standard operating procedures in place to ensure safe transfusion of these patients. Furthermore, similar levels of positive reactions to drugs and chemicals have been observed to be due to naturally occurring antibodies [45, 46] that may be a result of environmental exposure to structurally similar chemicals. Additional serology studies are planned to further refine the incidence of naturally occurring antibodies to S-303-treated RBCs.
Pathogen Inactivation Efficacy
Results from feasibility studies evaluating inactivation of bacteria and viruses with the second-generation S-303 pathogen inactivation process have been conducted (table 3 [adapted  from 29] ). In each of the studies, RBC units were contaminated with the selected pathogen, treated with GSH and S-303, and incubated for 3 h at room temperature (~20 °C). Inactivation (log 10 reduction) was determined independently for each replicate by comparing the organism titer before and after S-303 treatment. The bacterial species Staphylococcus aureus, Yersinia enterocolitica, Serratia marcescens and Escherichia coli were chosen for these preliminary studies because they have been associated with RBC transfusion-transmitted sepsis. These pathogens were selected based on the following criteria: S. aureus because it has been shown to contaminate RBC units during venipuncture and is a representative Gram-positive bacteria; and Y. enterocolitica and S. marcescens due to their ability to grow at the low temperatures at which RBCs are stored; in addition, Y. enterocolica, S. marcescens and E. coli also serve as representative Gram-negative bacteria.
HIV was used because of its prior history for transfusiontransmitted infection as well as being a representative enveloped RNA virus. Recent studies have demonstrated greater than 4 log inactivation of XMRV, another retrovirus potentially associated with chronic fatigue syndrome and prostate cancer [47] . Bluetongue virus and human adenovirus type 5 were selected as model nonenveloped RNA and DNA viruses, respectively. Bovine viral diarrhea virus was included assay [41] in which S-303 RBCs are exposed to the reactive sera and then incubated with monocytes. The patient sera did not induce phagocytosis of S-303 RBCs by monocytes suggesting that the immune response was not clinically relevant and that transfusion of pathogen-inactivated RBCs to these patients would be unlikely to elicit a hemolytic transfusion event.
Observation of the immune response to S-303 RBCs using the first-generation pathogen inactivation process led to the initiation of a follow-up retrospective cross-match analysis of patient sera which revealed that 2 control patients from the acute anemia trial had positive cross-match tests at the end of the study, even though they had never been exposed to S-303 RBCs [42] . This suggested the possibility of reactivity of S-303-treated RBCs with a naturally occurring antibody. Importantly, however, no clinical sequelae were associated with the formation of this antibody, either in the acute or the chronic anemia patients.
In an effort to understand the incidence of this immune reactivity in subjects never exposed to S-303-treated RBCs, two additional studies were conducted. Sera were collected from healthy blood donors and from multiply transfused patients not previously exposed to S-303 RBCs, but who were at risk for development of allo-antibodies due to their transfusiondependent disease (sickle cell anemia, thalassemia, myelodysplasia and inflammatory disease) necessitating repeat blood transfusions. In each of these studies, serum samples were tested against RBC aliquots prepared from the same unit: control (untreated) RBCs, and first-generation process S-303 RBCs. A minimum of three RBC units was evaluated with each serum sample. The criterion for a positive response was reactivity of sera with all three S-303 RBC units.
In the healthy volunteer blood donor population, 2 out of 200 sera (1.0%) consistently reacted with all three units of S-303 RBCs prepared with the first-generation process. In the multiply transfused patients, selected because of their increased risk for development of allo-antibodies, 3 out of 186 (1.6%) sera were consistently positive against RBCs prepared with the first-generation process [42] .
Development of the second-generation pathogen inactivation process was focused on minimizing the amount of RBCbound acridine and therefore on reducing the potential for either an immune response after exposure to S-303-treated RBCs or immune reactivity due to a naturally occurring antibody to S-303-treated RBCs.
To evaluate the potential for an immune response after exposure to S-303-treated RBCs, a rabbit chronic transfusion model and flow cytometry assay were developed to replicate the observed immunogenicity [43] and to provide a model system to evaluate improvements to the S-303 pathogen inactivation system. This model is being used to assess the potential for immune response using the second-generation S-303 pathogen inactivation process.
To establish the incidence of immune reactivity with the second-generation S-303 treatment process, an in vitro serology study was initiated to determine what proportion of the Implementation of the S-303 pathogen inactivation system in different blood centers and even different countries will likely have to fulfil the same quality criteria currently in place for conventional RBC components. Studies have shown that the S-303 pathogen inactivation system can meet these quality criteria [32, 37] . Currently the European Council Guide for the Preparation of Blood Components provides relatively broad requirements for the quality of RBC components, and thus the S-303 pathogen inactivation system will need to be compatible with these broad requirements. The challenge lies in providing guard bands to allow a safe process under any circumstances. For example -Different preprocessing times have to be taken into account and validated, including overnight storage of whole blood or immediate processing post collection. The currently applied period of generally 3-6 h for 'self-sterilization' may not be necessary any longer if pathogen inactivation is to follow, and the time that is gained may be used for additional processing steps required for pathogen inactivation of the RBCs. A period for 'self-sterilization' of 3-6 h is generally considered to be adequate to allow the active phagocytosis of any residual bacteria which may be contained in the collected blood unit and which are usually derived from the skin of the donor. -Different blood donation volumes have to be taken into account (450 or 500 ml) as well as different RBC volumes and hemoglobin contents, depending on whether inline leukocyte depletion is performed directly from the whole blood or from the RBC concentrates. -The method to obtain RBCs from whole blood donation differs between Europe and the USA where buffy coat depletion is used to separate platelets from the plasma and RBCs. Different centrifugation profiles based on speed, applied g force, time and acceleration/deceleration dynamics will affect the RBC specifications and will vary between countries and blood centers. -The need for irradiation may be diminished, allowing immediate availability of suitable blood units, the possibility to use the entire inventory, and the use of units at the normal expiration time which is currently shortened in the case of irradiated RBCs [18] . Development of RBC pathogen inactivation systems will have to consider these variables to ensure consistent RBC products. However the S-303 pathogen inactivation technology has the potential to provide a more uniform and higher quality RBC concentrate that will address both the infectious and noninfectious risks of RBC transfusions. Additional studies will be conducted with the second-generation process to include those organisms for which blood is currently tested, or models for them, as well as organisms of significant concern in RBC transfusions (e.g. Plasmodium and Babesia). Proof-of-principle of the S-303 system for inactivation of pathogens of emerging importance in RBCs has been demonstrated using the first-generation S-303 pathogen inactivation system. Inactivation of greater than 6.8 log for Plasmodium falciparum, greater than 4.9 log for Babesia microti, greater than 5.3 log for Trypanosoma cruzi and greater than 6.0 log for West Nile virus have been reported [48] . The scope and sequence of new studies may be modified to reflect newly emerging organisms or organism of particular importance to specific regions.
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Development and Implementation of S-303 Treatment System -the Path Forward
The S-303 pathogen inactivation system for RBCs is in clinical development, and phase III clinical studies are planned in the European Union. Proof-of-concept data has been gathered in patients with acute anemia using the first-generation process. A second-generation process has been developed to minimize the potential for an immune response. The in vitro and in vivo studies with S-303 pathogen-inactivated RBCs using the second generation process has shown that the treated RBC retain sufficient viability and biochemical properties to support therapeutic transfusion. Preclinical studies have been completed to support the safety of S-303-treated RBCs for clinical evaluation, and preliminary studies have demonstrated sufficient pathogen inactivation efficacy to address infectious risks of blood transfusion. The technology has also shown promise for application to whole blood [29] . >7.4 ± 0.2 a Log reduction was calculated as log (pre-S-303 titer / post-S-303 titer), where titer is expressed as 10 × per ml for the mean of four replicates. Bacterial titers were expressed as colony forming units (cfu) per ml and viral titers were expressed as plaque forming units (pfu) per ml. Greater than symbols indicate no detectable residual pathogen based on the highest titer inocula available for evaluation. Inactivation incubations were 3 h at room temperature. Values represent the means ± SD for 4 replicates per experiment.
